G lobally, the consumption of mushrooms has remained an alternative and affordable source of quality protein, mineral elements and other nutrients. While about 81.7% of such consumption are based on these nutritional benefits, 93.5 and 15.1% are based on palatability and medicinal properties respectively [1] . Unlike in Japan and China where medicinal properties of mushrooms are well documented, information on their medicinal applications in Africa are obtained from local herbalist who may not be able to document their finding or may not like to disclose the components of their preparations. Although must edible mushrooms are important sources of nutrients and relevant pharmacological compounds, information on the medicinal properties of non-edible and most wild mushrooms are scientifically inadequate. The presence of rele vant health promoting compounds such as antioxidant, antimicrobial, anticancer, cholesterol lowering and immunostimulatory effects of some species of mushrooms have been reported [2] . These health enhancing properties have been attributed to the presen ce of some biologically active compounds such as glycolipids, shikimic acid derivatives, aromatic phenols, fatty acid derivatives, polyacetylamine, polyketides, nucleosides, sesterterpenes, and many other substances of different origins in some mushrooms [3] . One mushroom with a notable pharmacological history is the Pleurotus tuber-regium. P. tuber-regium is a wood consuming fungi that produces a dark brown storage tuber (sclerotium) whose circumference may grow to about 35 cm. Though the sclerotium and the fruiting bodies are edible, the saprotrophic and nematophagous proper ties of the fruiting bodies have been reported [4] , while the whitish interior of the sclerotium is use in the western part of Africa as thickener and flavouring agent in the preparation of soups. The purpose of this study is to reveal the nutritive properties of the sclerotium of P. tuber-regium and to identify the medicinal properties of its components.
materials and methods
Sample collection and preparation. Fresh sclerotium of P. tuber-regium was collected from its natural environment in Aluu community, about 10 doi: https://doi.org/10.15407/ubj90.03.084 kilometres from the University of Port Harcourt in Nigeria. The mushroom was identified at the Faculty of Agriculture, University of Port Harcourt. A quantity of the sclerotium (1.0 kg) was thoroughly washed and air dried at room temperature for one (1) week in a clean dust free environment. The dried samples were peeled and sliced with a sterilized knife and ground into a fine smooth powder using Thomas Scien tific, (Model 4) Wiley's mill.
determination mineral elements and amino acid content. Major minerals and trace elements content of the sclerotium of P. tuber-regium were determined by the method of the Association of Official Analytical Chemists (A.O.A.C.) [5] . Nineteen of the twenty amino acids and tryptophan were determined by the methods of Benitez [6] and Robel [7] respectively.
gC-MS analysis of mushroom oil. Ground mushroom powder (100 g) was added to 3 dm 3 of distilled water and the oil obtained by hydro-distillation was collected into hexane and concentrated by evapo ration at room temperature. The oil was analysed using a combined gas chromatograph model HP 6890 and mass spectrometer model 5973 (Agilent Tech.) fitted with a capillary column HP5 MS (5% phenylmethylsiloxane) 30.0 m × 250 μm × 0.25 μm, using Helium as a carrier gas at initial column temperature 120 °C for 5 min. Thereafter, the column temperature was increased at 5 °C per minutes to 320 °C and held for 5 min. Electron impact ionization for mass spectroscopy was done at ionization energy of 70 eV. The oil was diluted with 98% hexane and 2 μl of the diluted sample was automatically injected into Agilent Tech. model 5973 mass spectrometer. The constituent compounds were identified using the ChemOffice software attached to the MS library. The names and structures of the component oils were confirmed using the database of National Institute of Standard and Technology (NIST).
Statistical analysis. Data are presented as mean ± standard deviation (SD) of triplicate determinations. Mean values were obtained using 2010 Microsoft Excel software program.
results and Discussion
The result of this study showed the presence of major-minerals, micronutrients, amino-acids, and seventeen volatile constituents in sclerotium of P. tuber-regium. From the result of the macro-elements ( Fig. 1) , potassium had the highest concentration with a value of 60.66 ± 4.13 mg/kg followed by magnesium and calcium, with values of 41.79 ± 3.14 and 31.24 ± 0.96 mg/kg respectively, while phosphorus had the lowest concentration with a value of 0.83 ± 0.14 mg/kg. Amongst the micronutrients (Fig. 2) , manganese, zinc and nickel had the highest concentrations with values of 1.20 ± 0.10; 0.95 ± 0.07 and 0.27 ± 0.03 mg/kg respectively, while cobalt and cadmium had the lowest concentration with values of 0.05 ± 0.00 and 0.06 ± 0.01 mg/kg respectively.
Glutamic acids was the highest amino acid observed in this mushroom with a value of 11.51 ± 1.01 mg/kg, followed by aspartic acid, arginine and leucine with values of 5.52 ± 0.86, 4.93 ± 0.71 and 3.78 ± 0.28 mg/kg respectively. Although glutamine and asparagine were not detec- ted in the sclerotium of P. tuber-regium, cysteine had the lowest concentration with a value of 0.27 ± 0.03 mg/kg followed by methionine with a value of 0.83 ± 0.06 mg/kg (Fig. 3) .
The seventeen volatile constituents from the sclerotium of P. tuber-regium, their gas chromatogram and individual spectrum are shown in Table, A s p a r a g i n e P h e n y l a l a n i n e L e u c i n e I s o l e u c i n e M e t h i o n i n e V a l i n e C y s t e i n e T r y p t o p h a n T y r o s i n e centage total 78.713, followed by 1,2-Benzenedicarboxylic acid, butyl cyclohexyl ester with a R T of 16.147 min and a percentage total of 5.157, while Farnesol isomer A and cis-Vaccenic acid had R T 29.739 and 24.243 min and percentage total of 2.021 and 1.955 respectively. These four major constituents represent 87.846% of the total volatile constituents in the sclerotium of P. tuber-regium, while the thirteen minor constituents represent 12.154%.
The high concentration of potassium and magnesium observed in this mushroom shows it ability to absorb and bioaccumulate these elements from its growth medium. The result of this study corroborate the findings of Falandysz and Borovička [8] , which reported the ability of macro-fungi to accumulate extremely high concentrations of metallic ele ments even when grown on a low metal containing medium . Mallikarjuna et al. [9] , also reported high concentrations of metallic elements like potassium and magnesium in wild lentinus cladopus, and Pleurotus djamor and cultivated lentinula edodes, Pleurotus florida mushrooms. Because of its high potassium content, the consumption of the sclerotium of P. tuber-regium may help in the regulation of acid-base balance, nerve impulse transmission and also in muscle contraction [10] . Its high magnesium content shows that the consumption of this mushroom may be relevant in some enzymatic reactions, protein syntheses, cyclic AMP formation and also in neuromuscular transmission [11] . The fairly high concentration of manganese and zinc observed in this study contradicts the finding of Mallikarjuna et al. [9] , which reported a relatively low concentration of manganese in all their four studied mushrooms. This indicates that mineral element content of a mushroom may be a factor of mushroom variety, part of mushroom analysed, or the growth medium 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20- of the mushroom. As a micro-element, manganese acts either as a cofactor activating a number of enzymes thereby forming metal-enzyme complexes or as an integral part of some metalloenzymes [12] , while zinc has been reported to increase the activities of more than 70 enzymes [13] . Moreover, a retarded DNA, RNA and protein synthesis and subsequent impairment in cellular division, growth and repair of worn-out tissues has also been reported in zinc deficient animals [14] . Amongst the eighteen amino acids observed in this mushroom, glutamic acid and aspartic acid were in fairly high concentrations. This contradicts the findings of Oyetayo et al. [15] , which reported leucine as the most abundant amino acid in both wild and cultivated varieties of Pleurotus sajor-caju. They subsequently stated that amino acid concentration of a mushroom is a function of mushroom variety and the specific part of the mushroom that was selected for analysis [22] . Since glutamic acid is known for its contribution in the flavouring of foods [16] , its observed high concentration shows that this mushroom not only serve as a soup thicker but also as a flavour enhancer. Although glutamic acid is a non-essential amino acid, its role as an excitatory neurotransmitter makes it one of the most abundant molecules in the brain [17] . Because of its role in synaptic plasticity, glutamate is involved in cognitive functions such as learning and memory in the brain [17] . About 95% of the dietary glutamate is metabolized by intestinal cells [18] , thereby allowing the absorption and addition of only 5% of dietary glutamate to the concentration synthesized by the body. This indicates that the ingestion of natural food substances of high glutamic acid concentration as observed in this mushroom should be encouraged.
As a non-essential proteinogenic amino acid, the high concentration of aspartic acid in this mushroom may not be of much importance to human consumers. However, Aspartic acid has been reported to acts as hydrogen acceptor in a chain of ATP synthase catalysed reactions, the role of its carboxylate anion (aspartate) as a metabolite in the urea cycle and its activity in gluconeogenesis has been reported [19] . In the malate-aspartate shuttle, aspartate carries reducing equivalents, which generates malic acid de-rivatives in the enzymatic conversion of aspartate to oxaloacetate [19] . The donation of a nitrogen atom in the biosynthesis of inosine also reveals the relevance of aspartate in purine synthesis [19] . The presence of arginine as the third most predominant amino acid observed in this reflects the nutritional importance of this mushroom and its relevance to human health. The role of arginine in cell division, wound healing, immune function, the release of hormones and the removal of ammonia from the body has been repor ted [20] . Reports also indicates that adequate arginine concentration in the body can reduce the repair time of damaged tissue and also enhances the healing of fracture and other bone injuries [20] . As a precursor for the synthesis of nitric oxide (NO), arginine has been reported to decrease blood pressure in clinical hypertensive subjects [21] .
1,2-Benzenedicarboxylic acid, mono (2-ethylhexyl) ester was the most predominant of the seventeen different compounds detected in the GCMS analysis of the volatile component of this mushroom. As a phthalates, this compound has been under severe criticism. Exposure to high doses of phthalates to rats has been reported to cause both changes in hormonal concentration and birth defects [22] , while those fed with high concentrations of specific phthalates showed hepatic and testicular damage [5] . Based on this facts, World Health Organisation (WHO), European Commission (EC) and International Agency for Research on Cancer (IARC) listed di(2-ethylhexyl) phthalate as a possible carcinogen [23] . However, studies on primates revealed that the carcinogenic mechanism of di(2-ethylhexyl) phthalate is rodent specific and thus humans are not susceptible to such effect [23] . Sequel to this findings, the carcinogen classification of di(2 ethylhexyl) phthalate was withdrawn. Kannabiran et al. [24] , reported cytotoxic activity of the pure 1,2-benzene dicarboxylic acid, mono 2-ethylhexyl ester derived from marine actinomycete Streptomyces sp. VITSJK8 on mouse embryonic fibroblast (NIH 3T3), human keratinocyte (HaCaT) normal cell lines, human hepatocellular liver carcinoma (HepG 2) and human breast adenocarcinoma (MCF7) cell lines. They concluded that 1,2-benzene dicarboxylic acid, mono 2-ethylhexyl ester exhibited potential cytotoxic effect against HepG 2 and MCF7 cancer cell lines [24] , indicating that 1,2-benzene dicarboxylic acid, mono 2-ethylhexyl ester and other phthalate esters such as 1,2-Benzenedicarboxylic acid, butyl cyclohexyl ester may be further explored for the treatment and management of cancer.
Farnesol is a non-irritant, non-bacteriostatic essential oil that occurs in plants such as star anise, cassia, musk seed, balsam, citronella and also in rose. It action as pheromone for most insects, and as a natural pesticide for termites [25] , shows its role in the protection of this mushroom from termites and other insects. The use of Farnesol to emphasize the aroma of perfumes is based on its activity as a co-solvent that regulates the volatility of the component aromas of perfumes, [17] , while its antibacterial property makes it a potential deodorant in cosmetic products [26] . Farnesol and its derivatives has been reported as important starter in the synthesis of both natural and artificial organic compounds [27] . Phosphate activated derivatives of farnesol in both plants and animals are used in the synthesis of acyclic sesquiterpenoids, which doubles to form a 30-carbon squalene, that later serves as a precursor for the synthesis of steroids [28] . Though farnesol has been reported to act as a quorum sensing molecule that inhibits filamentation in the opportunistically pathogenic fungus Candida albicans [28] , its chemopreventative and anti-tumor properties has also been reported in rats [29] . As an omega-7 fatty acid, the presence of cis-vaccenic acid in this mushroom provides a major source for the extraction of this compound. Abbas et al. [30] , reported the role of cis-vaccenic acid in the suppression of some adhesion molecules that are linked to atherosclerosis. They reported the ability of this compound to significantly suppress vascular cellular adhesion mole cule1 (VCAM1) and intra cellular adhesion molecule1 (ICAM1) in human microvascular endothelial cells (HMECs), thereby making cisvaccenic acid a possible agents in the treatment and management of atherosclerosis [30] .
In conclusion, the presence and nutriceutical potentials of the mineral elements, amino acids and the volatile components observed in this mushroom indicates that the consumption of this mushroom or its extracts may aid in the treatment and management of some nutrient deficiency induced disease conditions.
